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(57)Abstract: i^. 
PROBLEM TO BE SOLVED: To obtain a microlens array in which 
problems such as the influence of diffracted light beams and the 
occurrence of moire fringes peculiar to the regular array of a microlens 
array, local shadow and granular feeling are eliminated, which has ^^i'^: 
excellent visibility and by which the excellent reproducibility of an . 
individual microlens shape is obtained. ^ 
SOLUTION: In the microlens array in which several microlenses ML are S 1%:: 

irregularly formed so as to be different from a basic pattern by which 
each of the apex intervals of microlenses adjacent with each other is the 

same interval L or are formed to have regularity in terms of probability t^-; 
distribution, the apex positions T of all microlenses are within a circle ^ 
having the radius of <0.3L by centering the apex position in the basic 
pattern. Also, the apex intervals P of the microlenses acUacent with each 
other satisfy the expression of 0.4L<P<1.6L. 
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* NOTICES * 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The micro-lens array to which the basic pattern with which two or more micro lenses made all 
top-most-vertices spacing of the micro lens which adjoins mutually regular intervals L is. the micro-lens 
array formed with Irregular or probability-distribution-regularity so that it may differ, and the top-most- 
vertices location of all micro lenses is characterized by being located in the circle which has a radius 
below 0.3L centering on the top-most-vertices location in said basic pattern. 

[Claim 2] The micro-lens array which the basic pattern with which two or more micro lenses made all 
top-most-vertices spacing of the micro lens which adjoins mutually regular intervals L is the micro-lens 
array formed with irregular or probability-distribution-regularity so that it may differ, and is 
characterized by the top-most-vertices spacing P of the micro lens which adjoins mutually filling 0.4 
L<=P<=1.6L 

[Claim 3] The optical instrument characterized by having a micro-lens array according to claim 1 or 2. 
[Claim 4] The optical finder characterized by using a micro-lens array according to claim 1 or 2 as a 
reticle. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the micro-lens array used for the screen of an optical 

instrument, the reticle of a single-lens reflex camera, etc. 

[0002] 

[Description of the Prior Art] Using for a screen, a reticle, etc. conventionally the micro-lens array 
which arranged many micro lenses is known. The screen of a micro-lens array does not have a granular 
feeling compared with the screen which imprinted detailed irregularity from the sand credit side of metal 
mold, and has the advantage that vanity is bright. 
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[0003] However, when a micro lens is arranged as it is periodic, and the direction of the diffracted light 
was limited in the specific directioQ, and it faded, and the taste becomes unnatural or it uses together 
with a Fresnel lens, there is a fault that cause interference with the zona-orbicularis structure of a 
Fresnel lens, and a Moire fringe occurs. 

[0004] In the micro-lens array used for an above-mentioned application, the problem mentioned above is 
solvable by making the array of a micro lens or a minute crevice random. 

[0005] As an approach of obtaining the micro-lens array of a random array, it is proposed in JP,1 1- 
142609,Aetc. 

[0006] However, as it is in the manufacture approach of a micro-lens array explained later, these 
approaches have a problem in the stability on manufacture, efficiency, and a controllability, and it is 
thought operationally that they are difficult. 

[0007] Conventionally, the ion-exchange method (54 M. Oikawa. et aL, and Jpn.J.Appl.Phys.20 (4) L51- 
1918) for forming into a high refractive index two or more parts on the substrate which becomes the 
manufacturing method of a micro-lens array from multicomponent glass in the state of distribution, and 
forming two or more lenses, the method of the non-exposed section crystallizing in heat treatment of 
photosensitive glass, and expanding a front face, etc. are learned. 

[0008] However, by these approaches, the large diameter of opening of a lens cannot be taken 
compared with spacing of lenses, but the radius of curvature of a lens also becomes small, and the lens 
design with big numerical aperture is difficult. 

[0009] Moreover, in order to produce the micro-lens array of a large area, a large-scale manufacturing 
installation is needed and there is also a problem that manufacture is not easy. 
[0010] As other approaches, the original edition of a micro-lens array is produced and there is the 
approach of exfoliating and producing the lens ingredient which applied and applied the lens ingredient to 
the original edition, the approach (refer to JP, 1^23 1601, A) of drawing in creation of the mold used as the 
original edition using an electron beam, the approach (refer to JP,5-303009,A) of etching and forming 
some metal plates, and a metal plate — an indenter — using — an indentation method — a 
configuration — producing (referring to JP,1 1-142609,A) — it is. 

[001 1] It is possible for this approach to be able to reproduce a micro lens in molding, and to be hard to 
generate dispersion for every lot, and to produce in low cost. Moreover, compared with an ion-exchange 
method; problems, such as a coefficient of thermal expansion and curvature, are avoidable. 
[0012] 

[Problem(s) to be Solved by the Invention] however, it is difficult to produce the original edition of the 
large area beyond 100cm angle by the approach using an electron beam, since an electron beam 
exposure system's being expensive and a large amount of plant-and-equipment investment being 
needed and a drawing-surface product are restricted — etc. — there is a problem. 

[0013] Moreover, by the approach of etching, in order to use the isotropic etching which mainly used the 
chemical reaction, even when presentations and crystal structures of a metal plate are few, when it 
changes, there is a problem of it becoming impossible to etch into a desired configuration. 
[0014] Furthermore, by the approach of etching, if it does not rinse promptly when a desired 
configuration is acquired, etching will continue. For this reason, when forming a minute micro lens, it may 
deviate from a desired configuration by etching which advances to time amount until it results [ from the 
event of the configuration of such a request being acquired ] in rinsing. 

[0015] Moreover, it is difficult to take huge time amount, if it is going to obtain a large area by the 
indentation method using an indenter in order that only the number of lens each may force an indenter 
on a mold, and for there to be a mechanical limitation also in acquiring a detailed precision, and to 
acquire the controllability of the order of mum. 

[0016] It is very difficultly lacking in repeatability to make it random in the form which controlled the 

micro-lens array by many of such conventional micro-lens fabrication approaches. 

[0017] Even if the array of a micro lens is regular, the repeatability of the lens radius which is the key 
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parameter of a micro lens by the fabrication approach of the conventional micro lens, and the precision 
of the array location have many uncertain elements, and the quality control at the time of mass 
production is very difficult. 

[0018] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, in this 
application the 1st invention In the micro-lens array formed with irregular or probability-distribution- 
regularity so that it might differ from the basic pattern with which two or more micro lenses made all 
top-most-vertices spacing of the micro lens which adjoins mutually regular intervals L < — (1)> located 
in the circle in which the top-most-vertices location of all micro lenses has a radius below 0.3L 
centering on the top-most-vertices location in the above-mentioned basic pattern — it is made like. 
[0019] Moreover, for the basic pattern to which two or more micro lenses made all top-most-vertices 
spacing of the micro lens which adjoins mutually regular intervals L by this application 2nd invention, the 
top-most-vertices spacing P of the micro lens from which it adjoins mutually in the micro-lens array 
formed with irregular or probability-distribution-regularity so that it might differ is 0.4L<=P<=1.6L — (2) 
******** — it is made like. 

[0020] By fulfilling about [ that there are no problems, such as effect of the diffracted light peculiar to a 
periodic regulation array like a basic pattern and generating of a Moire fringe, ], the above (1). and the 
conditions of (2) by these invention The local granular feeling by the top-most vertices of an adjoining 
micro lens separating too much which can smell and originates in and this arises, or the local base 
which comes from the local poor diffusion by approaching too much — it is possible to have the bright 
clean vanity property which a feeling of an omission does not produce, and to obtain a micro-lens, array 
with the sufficient repeatability of each micro-lens configuration. 
[0021] 

[Embodiment of the Invention] (The 1 st operation gestalt) The lens array of the micro-lens array which 
is the 1st operation gestalt of this invention is shown in drawing 1 . With this operation gestalt. from the 
condition which was formed in the honeycomb configuration and has been periodically located in a line 
regularly, the micro lens is arranged with irregularity, where the variation rate of each micro-lens core is 
carried out to the basis of certain conditions. 

[0022] The array approach of a micro lens ML shown in drawing 1 is explained in detail. First, the dot 
shows the top-most vertices (core) of each micro lens in case the micro lens is regularly located in a 
line to drawing 2 , and all adjoining dots have the equal spacing L. This array is called a basic pattern 
here. 

[0023] And in the micro-lens array of this operation gestalt. the location of each dot in this basic 
pattern was considered as the imagination grid point G, and the top-most vertices thru/or the core of a 
micro lens ML is set as random (irregularly) within the circle of the radius d centering on each grid point 
G shown in drawing 2 . 

[0024] In the micro-lens array shown in drawing 1 , it has relation of L=0.02mmd=0.1 5xL. 
[0025] Moreover, the focal distance of each microphone lens is f= 0.08mm. and has become the 
specification which can be used as a suitable focus plate for the optical finder for cameras whose focal 
distance of ian ocular is about 80mm. 

[0026] The example of arrangement of the top-most-vertices location T of the micro lens of this 
operation gestalt is shown in drawing 3 . What is necessary is here, just to choose suitably the top- 
most-vertices spacing L in a basic pattern and the focal distance f of a micro lens used as criteria 
according to the optical instrument to apply. 

[0027] In an optical finder, the focal distance of a micro lens becomes short and a small thing is required 
also for Fno. of a micro lens, so that Fno. of the objective lens which it is required that L should be 
made small and it generally uses, so that the focal distance of an ocular is brief is bright. 
[0028] in order to realize the micro-lens array which has a good vanity property, the top-most-vertices 
location T of all micro lenses is located in the circle which has the radius d below 0.3L centering on the 
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top-most-vertices location in the above-mentioned basic pattern — < — (1 — ) — > — it sets up like. 
In addition, since it is d=0.15xU conditions (1) are filled with the micro-lens array shown in drawing 1 . 
[0029] The top-most-vertices location T of a micro lens ML may be located on the grid point G, if only 
0.3L may be left and may be located from the grid point G. 

[0030] In addition, the top-most-vertices spacing P of the micro lens which adjoins mutually in this case 
is 0.4L<=P<=1.6L~ (2) 
9)c9|c9|c9|c3tc9|c9ie:)c — jt bccomes things. 

[0031] Here, if the radius d of the above-mentioned circle is larger than 0.3L (i.e.. if the top-most 
vertices of an adjoining micro lens iseparate from the upper limit of conditions (2)), when an adjoining 
micro lens separates too much, local KAGERl will be produced, this will be connected with a granular 
feeling as the whole finder, and grace will worsen, moreover, the local base which will come from local 
poor diffusion if the top-most vertices of an adjoining micro lens approach too much rather than the 
minimum of conditions (2) — a feeling of an omission arises. 

[0032] By the finder of a common camera, it is required that the diffusion property when carrying out 
incidence of the beam of light should mainly be in the range of **5 degrees - **10 degrees. This is 
because the taking lens of a camera has Fno. in the range of F2.8-F5.6 about. 

[0033] If there is the need that the flux of light of a taking lens is not concerned with the focus of a 
focus and un-focusing, but reaches a photography person's eyes and one of the image points is 
observed in order to check the focus of a taking lens, in order to lead the outermost beam of light to a 
photography person's eyes in the flux of light cone of a taking lens, the beam of light of this maximum 
outline needs to reach the eyes of the photography person who gazes at a diffusion plate almost 
vertically with a diffusion property. 

[0034] For that, what is necessary is just equal to Fno. of the taking lens with which Fno. of a micro lens 
. corresponds. Since priority is given to the brightness of a finder or it corresponds to various lenses like 
a single lens reflex camera actually, Fno. of the micro lens optimal in design is chosen, therefore. Fno. of 
a micro lens — the range of F2.8-F5.6 that — ****** is desirable. 

[0035] Also in this operation gestalt. since a micro-lens core is distributed at random by the inside of a 
radius d. as a result of changing the diameter of opening of each micro lens, there is a possibility that 
Fno. may differ. 

[0036] Then, if the spacing L of the imagination grid vyhich is the core of the setting range based on 
micro lenses thinks for an average that it is equal to the diameter of micro-lens opening, and serves as f 
(this is decided by the lens radius, is all micro lenses, and is equal), then average Fno.=f/L in the focal 
distance of a micro lens and this is set about to 2.8 to 5.6. a diffusion property suitable as an optical 
finder of a camera can be acquired. 

[0037] If the semantics of conditions (1) is considered here and the upper limit will be exceeded, the 
range of fluctuation of each micro lens becomes large, and the range suitable as a finder will be 
exceeded, and Fno. of a partial lens will become KERARE and a granular feeling, and will be observed. 
[0038] This is explained using drawing 4 and drawing 5 . Drawing 4 is the sectional view of the micro lens 
ML located in a line at equal intervals. Four lenses show the configuration where the micro lens was 
located in a line to the grid point of spacing — a list and the point explained that the top-most-vertices 
spacing was set to L 

[0039] Drawing 5 is the sectional view of the micro lens ML which applied random top-most-vertices 
arrangement like the above-mentioned operation gestalt. When a lens top-most-vertices location 
displaces compared with the thing of drawing 4 . the lens is located in a line by the relation which fills 
L3<L<L2. 

[0040] The beams of light 11 and 12 which carry out incidence are shown to the edge of each micro lens 
ML by the dotted line, and although the beam of light II which carries out incidence to the edge of a 
micro lens whose lens top-most-vertices spacing is L is refracted in drawing 5 with a lens, since it is 
large, Fno. of a partial lens does not become it with a thing with the big angle of refraction. 
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[0041] The beam of light 12 which carries out incidence to the edge of a micro lens whose lens spacing 
is L2 on the other hand is refracted with a lens, and since it is small, Fno. of a partial micro lens 
becomes big angle of refraction. Although it becomes the beam of light which carries out incidence of 
the beam of light 11 to an observer's pupil according to this operation, a beam of light 12 turns into a 
beam of light which separates from a pupil, and is observed as local KERARE, i.e., dark space. 
[0042] This reduction becomes remarkable in case the dark big lens of especially Fno. is used. Therefore, 
adding the random component exceeding the upper limit of conditions (1) to the top-most-vertices 
location of a micro lens makes a majority of such local dark space generated, and it is not desirable. 
[0043] The manufacture approach of a micro-lens array explained above is explained. With this operation 
gestalt, the micro-lens array of the random arrangement controlled under certain conditions is produced 
using the production approach of the micro lens which these people have proposed in JP,2000-43054,A. 
[0044] By this fabrication approach, as shown in drawing 6 (a) - (d), the insulating mask layer 3 is 
formed in the substrate 1 which has conductivity or the electrode layer 2, and opening 4 is formed in 
this mask layer. And through the opening 4, according to the electrodeposted device (plating) of an 
organic compound, the electrodeposted layer 5 is formed in the above-mentioned opening 4, an 
electrodeposted layer is extended also on the field of the mask layer 3 by continuing plating further, and 
a micro lens 6 is formed. It is the ultra-fine processing technology using the so-called plating technique. 
[0045] According to this method, the location precision of a high micro lens can be easily acquired by 
using opening of a mask layer for the lithography method etc. 

[0046] (The 2nd operation gestalt) Although the above-mentioned 1st operation gestalt explained the 
case where micro-lens arrangement which satisfies (2) was considered as conditions (1), micro-lens 
arrangement with which are satisfied of conditions (2) may be carried out. 

[0047] In this case, some some which are located in the outside of the circle which has the radius d 
below 0.3L centering on the top-most-vertices location in the above-mentioned basic pattern have that 
top-most-vertices location, and some some which are separated and located from the grid point within 
the above-mentioned circle are in a micro lens. Moreover, there are some which are located on the grid 
point. 

[0048] The lens array of the micro-lens array which is the 2nd operation gestalt of this invention is 
shown in drawing 7 . 

[0049] The dot in drawing shows the main coordinate of a micro lens, and the circle is filling radius O.SxL, 
when top-most-vertices spacing is set to L. 

[0050] alphal -alphas in drawing show the top-most-vertices location [ location / which was located in a 
line at equal intervals / grid ] shifted. The lens top-most vertices which enclose them other than alpha 1 
- alphas are in agreement with the grid coordinate located in a line at equal intervals. 
[0051] Here, alpha 1 explains arrangement, alpha 1 has changed from the grid coordinate, is enclosed by 
six micro lenses which were in agreement with the grid coordinate shown by g1-g6, and exists. 
[0052] The relation between 0.6L and g5 with the longest distance in 1.4L takes a value with it. [ a 
distance larger than 0.6L with other lenses with which the physical relationship of alpha 1, and g1-g6 
became, and the relation of g2 with the shortest distance was surrounded, and ] [ smaller than 1.4L ] 
[0053] In this array, one group is formed by seven of six micro lenses with the top-most vertices which 
were in agreement with one micro lens which changes from a grid, and the grid which encloses it. 
[0054] However, six micro lenses to surround become the relation which also encloses the micro lens 
which changes from other grids, and this is repeated. 

[0055] For example, although g3 is one of the micro lenses which enclose alpha 1, it is also the one 
section of the lens which encloses alpha 3 simultaneously. Even if it makes it a configuration which 
forms one group with such seven lenses, it is possible to maintain the homogeneity of an array which is 
the object of this invention, and the good relation of a granular feeling. 

[0056] (The 3rd operation gestalt) Although the case where the top-most-vertices location of a micro 
lens was set up at random in the range which fills the above (1) and the conditions of (2) with the 
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above-mentioned 1st and 2nd operation gestalt was explained, it may be made to perform top-most- 
vertices positioning with not periodic regularity like a basic pattern but probability-distribution-regularity. 
[0057] Hereafter, an example of the approach is explained. Here, the distributed model which consists of 
a coordinate of a large number according to a certain kind of probability distribution is created, and how 
to select a coordinate at random out of it is explained. 

[0058] <Micro-lens core (top-most vertices) coordinate data generation algorithm> The coordinate to 
generate needs to exist in the circle of the assignment radius centering on a regulation pattern. Then, 
assignment radius rmax The random number r (0 - rmax) made into maximum and the random number 
theta to 0-2pi are generated, and it is from these two. X and a Y coordinate are generated. 
[0059] First, the regulation pattern regularly located in a line in piles in the equilateral triangle is defined 
as a grid coordinate. 

[0060] However, if this grid coordinate is a regular array, it will not ask a class. For example, it is good 

also considering the configuration where the square was piled up, as a grid coordinate. 

[0061] A grid coordinate, then the grid coordinate of a n line m train set die length of one side of an 

equilateral triangle to L for each top-most vertices of the configuration where the equilateral triangle 

was piled up, and it is Xgrid=mxL. (n is odd number) 

Xgrid=mxL+L/2 (n is even number) 

It is expressed with Ygrid=(n-1) xroot3xL/2. 

[0062] Here, a RND function defines the include angle (theta) to the distance (r) and standard 
coordinates from a grid coordinate, respectively. 

[0063] If RNDQ is made into the function which generates the random number of 0-1 independently 

r=RND()xR The random number of 0 - R is generated. Theta=RND()x2xpi The random number of 

0-2pi is generated. Xrnd =rx cos (theta) Random component of x-coordinate Yrnd =rx sin (theta) 

Random component of a y-coordinate X=Xgrid+Xrnd Y=Ygrid+Yrnd This is repeatedly performed to all 
grids (n, m). 

[0064] Since the radius centering on a grid coordinate varies with a random number in homogeneity 
when the random component of X and a Y coordinate is generated by this approach, an existence 
probability becomes small in the form which is in inverse proportion to distance from a grid coordinate 
core (it becomes dense near a grid core). 

[0065] It makes it generate the random component of X and a Y coordinate inside the square centering 
on a grid coordinate as follows directly to consider as a uniform existence probability within the radius 

to give. Xrnd =2 rxRND()-r Random component of an x-coordinate Yrnd =2 rxRND()-r It 

considers as the random component of a y-coordinate. 

[0066] Here, it is r2 >=Xrnd2+Yrnd2. What is necessary is to judge and just to adopt the value with 
which this condition was filled. Thus, if a definition is given, a lens core will vary and exist in 
homogeneity inside a radius r. 

[0067] Thus, when determining a displacement component using a random number, control of 
arrangement is possible by giving not distribution uniform as a random number but distribution of 
arbitration. For example, the distributed model which consists of a coordinate of a large number 
according to probability distribution like normal distribution is created beforehand, and a series of 
numbers are shaken. And how to select the coordinate according to established probability distribution 
can be considered from choosing a number at random out of it. Although this is setting out random in 
false, it is practically completely satisfactory. 

[0068] Moreover, if distribution which exists mostly near a grid core is set up. it will become the strong 
array pattern of regularity more, and will become the reverse, then disorderly array. The property as a 
micro-lens array thru/or a diffusion plate is determined by the inclination of this array. If regularity is a 
strong array, it is influenced more of diffraction and the include-angle dependence property of discrete 
diffusion is shown, and if a disorderly inclination is strong, the include-angle dependence property of 
diffusion will become continuous. 
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[0069] (The 4th operation gestalt) The configuration of the optical finder of the single-lens reflex 
camera which used the micro-lens array of the 3rd operation gestalt for the reticle from the above 1 st 
is shown in drawing 8 . 

[0070] After passing a taking lens 1 1 and being reflected by the quick return mirror 12. image formation 
of the flux of light from a photographic subject is carried out on a reticle 13. 

[0071] It is spread by the micro-lens array, a pentaprism 14 is reversed, and the photographic subject 
image which carried out image formation on the reticle 13 is observed through an ocular 15 as an erect 
image. 

[0072] The diffusion by the micro-lens array is decided by the array of a micro-lens array, or the radius 
of a micro lens, and affects the granular feeling of how a dotage image appears in the ease of doubling of 
a focus, and the reticle itself etc. 

[0073] Like this operation gestalt, a property required for a reticle can be fulfilled good by using the 
micro-lens array of the 3rd operation gestalt for a reticle 13 from the above 1st. 

[0074] In addition, although each above-mentioned operation gestalt explained the micro-lens array of a 
specification suitable for the reticle used for the optical finder for cameras, this invention can be applied 
to a screen, a diffusion plate, etc. of the micro-lens array used for various optical instruments. 
[0075] 

[Effect of the Invention] By fulfilling about [ that there are no problems, such as effect of the diffracted 
light peculiar to a periodic regulation array like a basic pattern and generating of a Moire fringe, ], the 
above (1), and the conditions of (2) according to this application the 1st and 2nd invention, as explained 
above Produce the local granular feeling by the top-most vertices of an adjoining micro lens separating 
too much which can smell and originates in ** and this, or the local base which comes from the local 
poor diffusion by approaching too much — it can have the bright clean vanity property which a feeling of 
an omission does not produce, and a micro-lens array with the sufficient repeatability of each micrq- 
lens configuration can be realized. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a micro-lens plot plan in the micro-lens array which is the 1 st operation gestalt of this 
invention. 

[Drawing 2] It is drawing showing grid arrangement, of the basic pattern used as the criteria for opting 
for the micro-lens top-most-vertices arrangement in the above-mentioned micro-lens array. 
[Drawing 3] It is drawing showing random grid arrangement of the above-mentioned micro-lens array. 
[Drawing 4] It is the sectional view of the micro lens located in a line at equal intervals. 
[Drawing 5] It is the sectional view of the micro lens which applied random top-most-vertices 
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arrangement. 

[Drawing 6] It is drawing showing the principle of the production approach of the above-mentioned micro 
lens. 

[Drawing 7] It is a micro-lens plot plan in the micro-lens array which is the 2nd operation gestalt of this 
invention. 

[Drawing 8] It is drawing showing the optical system of the camera using the micro-lens array of each 
above-mentioned operation gestalt as a reticle. 
[Description of Notations] 
ML Micro lens 

T The top-most-vertices location of a micro lens 
G Grid point 

1 Substrate 

2 Electrode Layer 

3 Mask Layer 

4 Opening 

5 Electrodeposted Layer 

6 Micro Lens 

1 1 Taking Lens 

1 2 Quick Return Mirror 

13 Reticle 

14 Pentaprism 

15 Ocular 



[Translation done.] 



-9- 



BEST AVAILABLE COPV 



mB^mmfff (jp) (12) ^ ^ *j% |^ ^ ^ (a) (ummmm'mmn 

#^2003 -4907 
(P2003 -4907A) 

(43)^W B ¥^15^ 1 ^ 8 B (2003. 1. 8) 

(51) Intel.' mi$m Fi T-73-r(#%) 

G 0 2 B 3/00 G 0 2 B 3/00 A 2 H 0 1 8 

G0 3B 13/24 GO SB 13/24 2 H0 2 1 

21/62 21/62 



^mm mn(m<Dm4 ol (^ s h) 



(2l)fflSS^ 


i^S2001 - 186246( P2001 - 186246) 


(71)tiliSA 000001007 








(22)ttiSB 


6 ^20B (2001. 6. 20) 


yic^^mmrfiLT- a t B3o» 2 n 






(72)|899# :kn Ubift 






*3QCl5:*:BaKm^3TB30S2^ 












(74)f^A 100067541 












F^— A(#3&) 2H018 BD04 K>10 






2H021 BA28 



(54) [stm<D^mi •7-ci;uu>xTu-(. tft^^w^iixsyf^yr-iy^- 



(57) [SI«J] 

mm] v-f i7nu>X(DmiJIE^Jtc4tW<^lH]»T7t© 

^1. 6i.^mrzr^'^\zT^. 
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y 

/•^ r?' - > t «S7i ^ J: ^) X 
0. 4 L^P^ 1. 6 L 

im^m4] m^mix\t2\ztim.(o-^-i i^uu>x 

[0 0 0 1] 

U > XT K tcMt" -5 « -5 , 
[0 0 0 2] 

[fi^3^50ft^l5] Xi7'J->^«,«ffi^j;<!:lr, ^ft so 

0 v-f ^ p >X^iB^JL;^cv-f i7 n U>XT Iz-f ^ffl 

U->«, ^^0«?»ltM*^e>«SfflIHIi£IiSre^L;tXi' 
[0 0 0 3] {Bb, v-f i7PU>X<£JlSS«Ji:E?iJL^ 

m^nmzu-ofzr) . y \^^)vvyxLmmi^tzn\z-7 

U^;H^>X«fft^^jai:<DT^€r?|#ig^:LT^:7^ 

[0 0 0 4] ±.m(ommzm^^ibn^'^^ i7uV'yX7 

-5. 

[0 0 0 5] 7>yA;^ci2?iJ©V'f i7DU>X7U-f?& 

»^:^r£tLT«, 1 - 1 4 2 6 0 9^^^fj: 

[0 0 0 6] c:n^©;^fe«^T'iK?^-r-5v 
-f i7PU>X7^'f0©jfi;^ffitC*SJ:'5lC. S!3g±(D 



2 

[ 0 0 0 7 ] t^*. V'f :i7PU'>X7L"1'©i!ljtj4{C 
#fiK5i-;^/7X75^&^S««±Offi|S©SiEff«:5i'*tt 

:t>32«^ (M. Oikawa. et al. . Jpn. J. Appl. Phys. 20 (4) 
L51-54. 1918)^, ^%'^1iv7s(r>ni%M\Z^\'^X^mi% 

[0 0 0 8] L^^L. ^n^>«;^&T«. u>xm±<D 
?^miz]t-<ru>X(Dma^^i^^<trL-r. u>x<d 

[0 0 0 9] Sfe, ^f^CffiWra-T-f i7nl^>X7^-1"5:{'^ 

aT'«;^E t 5 t> * -5. 
[0 0 1 0 ] fac7)::^t£t Lxa. T-T i7Pl/>X7K 

U>X*J*4S:iiJiiL.Tf^K-rs*a5&^**^. mf&tti^ 

mmo)i^mz$>rz-DXi,t. m^j^if-A^mf^^xmrnt^ 

mfi^w- 1 - 2 3 1 6 0 1 n'j^n^m) . ^ms© 

oo9^^$g#^j , ^mmzEE^^mi'^xmmmizx 

K) W^^^mt^ 11-142609 ^^$g# 

[0011] >if (cxv-f p u 

L{c<<, ■^rz^-3 7.v\zx'i^m:t^z.t-h^-5\mxh 
(Df^m^Mmx^^o 

[0 0 12] 

f)mm.-^nx\>^^tzii>\zi 0 0 c m^J[y,±(39:*:ffia<7)M 

Ks^f^s-r^ z. t.i)mmx$>^m(Dfi\mfi^^^. 
[0 0 13] ^tz. :s^y^y^r^:>smx\t. ^\zit^ 
Ki^>.^mm\^tzmi5^x.v=^ytf^m\^^^fzisb. ^mm. 

[00 14] x.y^>■^•r^15mx^t. mm<D 

mm.-t^o z^Tzsb. ^uvyx^mmt^ 
^(D^otiff\m(Di\^-^tm^ntzm^.t^^ii<. 

[0 0 15] -^fz. ffi^^ffll/i^)E5g&T'«, ffi^^l^ 

yxm^(r>mtmm\zf^v{^n^tz^is.mm^%^^t 
m\m±umm^ii^ k> . i^tzwmun&^m^ \z t 
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[0 0 16] z.(Di^ofi'^^(D-^^ ^uvyxm.{^:f3m 
[0017] -^^^ou yx<Dmmt)mfifmr'$>-Dtc t 

[0018] 

L t b fcS* A- ^5- - > i «S;^t ^ ct -5 ^«IiJ tc X flit 
t2»*;t5'->{C*5tt^]I.'^^4M^4''L^<hLfcO. 3 L 

RT<D¥g^w-r^nrt»''eB-r-5 <- (d > cfcptc 

[0 0 19] *iim2©5!WT-«, «fc®v-f i7 

^±xmf^m'Lt.\^tz^:^n^-yt\tmti^^o\z^ 
m\ \zy.\-mm^mmfs.m.fim sr^oTj^Bg^n^v-f 

>xo]i,^r4fflp*^\ 

0. 4L^P^l. 6L - (2) 

[0 0 2 0] ;ine>!^BJtcj;0> ^^n^-y<D^ot£ 
±t^^-orz?^mAm^^iis:A^ioA\ ±m (i) (2) © 

-f # ?) d t A^'^JfigT- ^ -5 . 
[0 0 2 1 ] 

1 IISS?^MT'3&^-7-< D 1/ >X7 U-^ CO U- >x 
EJiJ^^bTtil.. 2|s:|l;^}g§lT(a. ■7'f^nU->X 

[0 0 2 2] HUr^UfeV-f i!'DU>XML0B2?iJ:& 

i/>X*?«liJiE t < >lfe^T^i^il^©#■7-f i7 p ^>x 



(3) 

4 

[0 0 2 3] ^bX. ^SIMJ^^WT-r i7DU>X7U 

ffiWJtC^'Jy K^'f >hGtL, 0 2t3S^L^c^^'J!y 

>XML©li,iS?Jj:l,iLf|''L^5;7>^A (^mUtC) tCK 

[0 0 2 4] HlJl^-rV'f i7DU>X7U''fT-tt, 
L=0. 0 2mm 
d = 0. 1 5XL 

[0 0 2 5] ^fc, #v-f U>XW«I.^!EIII« f = 

0. 0 8mmt;^<£oTt5f9> lgBI^>XcO^-^?^^SI>^l^*8 
0mmSaco:*»;<^iS7t^>'7-f >37-lc»iS;^j;tf> h 
« i L T ffl I ^ -5 ;i i ^ ^ ttillc o T I i -5 . 
[0 0 2 6] ESfrtt, *IIJSJ^«i(OV-f i7aU'>X© 

a*A^ ->-e(DiM,'^rBiPSL ^v-r ^ p >x©«.'^ffi 

[0 0 2 7] ^^7r-f >iS^-lC*3ViT, -»fC«, ^ 

v-f i7PU>X©ii,^^^HM<)iD. V'fi'P^^X 
CDF no. fc/hSl.i^(D*^^*;^n-5o 
[0 0 2 8] S»7^cl,^#tt^*-r-5V'ri7nk>XT 

UfcO. 3LRTOi#gd^*-r^Rl*|{C'f4aT'5) <- 
(1) ) ct^tts^-r^, 01 tc^L;^cv-i'i7p 

l/>X7k-1'T«, d = 0. 1 5 XLT$)^CDT. 
30 (1) 

[0 0 2 9] -T-r^n l^>XMLW]M*.{4:BTtt> 

[0 0 3 0] fi^fe, j:o«^, fflstc^^-r-sv-f i7p 

l/>Xro]M.-i^rBlRIPfi> 

0. 4L^P^1. 6L-- (2) 

[0 0 3 1] Jld-e, ±Mm<r>^^Ai^O . 3LJ:0:*c 

40 ^fef^^ (2) ®±Kj;Dgin^i, mmr^-^^^uuy 
Xf)mnT€^z.t\z^r)mmff3Ui3^^)^^\:', zLti 
ifi-yy^ y^-±if^t.\^x\m}mi\z'Dis.i)'iy). 
s<?^d:-g)<, ^fc, '^wt^-^^^uvyx<D^fm±ffi 

^fr (2) ®TiSJ;Ofcifio*#-r^'S<!:, ^RJrW^CtS* 

[0 0 3 2] -^W/c£;^/5'<7)7 7'f >^*-T(i. 
2:A*f$-&fct#<0ffiti^ttA^±t LT± 5° ~± 1 0 

° (r>mm\z-^^:L}zi^mi^^n^. c^f^^^^^^a^ 

U>X«Fno. *^*J:-€-F2. 8~F5. 6 OfgHJc 
50 ib**i^TSS. 



4$ §32003-4907 (P2003-4907A) 



5 

[0 0 3 3] M»^>xcDhr>h^aig-r-5fcii6tc«. 

[0 0 3 4] z:c73^cJ6tcH. v-f i7Dl/>X*cDFno. 
*^**'tJS-r^ii»W'>X(75Fno. tr^Lltn«J;l.io ^ 

^^'□ix>X(;)Fno. A^as?$n^. bfc/S^'ox, 

-f i'DU>Xc7)Fn o. HF2. 8~F5. 6CDfBHtt 
[0 0 3 5] *JSJSJgffi»C*3liTt), ¥€ld©|^#JT7 

■ii7au>X(Dmami)^MV}t^i^^, Fno. jiWi 
[0 0 3 6] ^ZL-v. V'f i7nu>X4''il>©^S^Hro 

au>Xmamizm\^^^t^X. i'auyxo^mj^ 

0. c:n2r2. 8~5. eggjcias-rntt*. ti^yco 

[0 0 3 7] (1) -^CTD 

±PE^^A-5i;. ^-^-i ^UU>X(D^mW,t}^i^^<tS. 
0, g|55i-W^Cl^>X©Fno. *Or1'>:$^-i:LTai 

[0 0 3 8] z.(D:itim4idj:zsm5^mi^Tm.m-r 
-5. m4it. mrBmizmAjtz-^-i ^au>xMh(Dmm 
mx$>^, 4^<ou>xit^(D-m.^mmi)^htfs.?>^o 

-f i7 D W >X*^'M^fc }gt>c Sr ^ b T t i -5 , 
[0 0 3 9] 0 ±^l|]6SJgffi®J:^JC. 7>^A 

L3<L<L2 

^mtz-T'mihx V >X*^M^T^i■5. 

[0 0 4 0] ia5{C«, e^cOT-f i7oU>XML<Di^ 

yx^^wm'LX9>^^^ ^ uvyx(r)^%\zx^-!s- 

\ 1 ttl/>XtrJ;oTa#f-t'2)=b©(D, %9im^ 
U->X®Fno. *^::»c#t^^c:Je>, ^©HSf A«:>c#^j:t) 

[0 04 1]-*, u>xrapi*tL a-r^-sv-f^pu 

>X©jigggt' Alt-r-S^iS 1 2 U>XlCj:oTH#T 



(4) 

6 

^nTgB»W^tV-ri7Plx>X<DFn o. ^^N^tifc 

[0 0 4 2 ] #{CF n o. (Di^^U^^^VyX-^^m-^ 
^mz:L(nW>\i.mmi::U^, <toT^# (1) <r>±M 
^±0?) ^ >^^AfiK^i-S x'-f i7 n 1/ >X©IM>^{4B{c:# 
ilD-r -5 c: i: « C (7) J; 3 ^Kj;^cB&gB*#ic^^$-a--£) 

[0 0 4 3] J!Jt±Ui?gLfcV'f i7PU>XTU-f CDKii 

2000-4305 4^i>fgtCTtS*LT^^^x''fi7 
PU>X<7)f^K:5ffi^ffltv -^cD^fl^TTSiJfflSnjt 
7 >i5'A;5:iES©V-f ^ P U >XT U-f S:f^$St--5. 
[0 0 4 4] ;i©Kf^:&STtt. 0 6 (a) ~ (d) \Z 

ii:ttcDV7.i7B3^}gfiKU. c:®v7,i'Sirg§agE4^ 

Kits. ^LT. ^(DMPgB4*jii;T*«{ti^#)©« 

20 (Z-^/^^) tCJ:oT±?eBBPgB4{C««S5€rP 

fiKb, $^>{C;>t>y4^S:«^ltSCli:T-77.i7S3<DB±{C 
fe^^F^^/Alf^ V-f ^?PU'>X6$r}^^-r§. 

[0 0 4 5] i^l5^\Z^n\t. •^T.^mci^u^-^^iv 
^■7 :? -fti^t i' 1/^-5 C i (c J; 0 i« i7 D k > 

[0 0 4 6] (^2 mmmm) ±m^ i ^jsj^^th, 

(1) i (2) ^?i^S-r'5<l:ei'^tV'f i7Pl/>Xg3 

30 &-r^^o-f3i-7^^ouyxmm'^i'XhJ:i'K 

[0 0 4 7] Z-CDm-t. V-f ;^Pl/>XCD4"tC:(J, ^<D 
W .*[{3:S*^±IB»*/1 iS' - > *3 S M.-i^fiB €r i 

[0 0 4 8] 0 7t«, :^^m(om2mmmmx$>^-^ 

-f ^7 P U >X7 U-r O U >XE?iJ$r^ L-Tt^S, 
[0 0 4 9] H^^cDK-y h\t-^-i C'aUyXcD^'L-m^ 
40 ^^b, R«]l.'*CPBlBI^LtUfci:^#gO. 3XL$: 

mitL.x\,^^, 

[0 0 5 0] Mfpoai^asit. mmmizmAjtiif^j 

y \^itmA^^-fnrzm.^&m.^mLx\^^^. a i~o s 
un<D^rL^mK)mtsuyxmj^ itmm mizmA^tz!/ u 

[0 0 5 1 ] :i::T«a iTiBeroattWSrfr^. ain 

i^U -y h*J^S*^^>a»LTl^T, gl~g6T^$n-5 
yj <y Hjligi:-iStbfc:6{@©-7'f i7PU>X(c:?{0H 

50 [0 0 5 2] a itgi^g 6 (DiiLmmmt. mh^m 
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7 8 

cDM^TiU. 4Li:75:0, ^DHSnfctecoi^>X<i:CD [0 0 5 8} <^-i C uvyX^L- Wm=f-^ 

[0 0 5 3] *iB?iJT"«i7'iJ K75^f,a^-rs l-s>©-7 ;iT. jtS^gr max <fr«) as r (0~rma 

^„ [0 0 5 9 ] ^-r. iEE.^^^mxTmmmzm.hjtz.m, 

[0 0 541 {IL, ajOHtyeorov-f i7nl^>Xttte IiJ/N°3'-><&i?''J KJ^SibXS^-r*. 

©^:7''j V Kd^^.a^-r-ST'f i7Du>xt)®offlt;iB« lo [o o e o ] fcfcu, ckd^/u KjusuMmWi^tgE^j 

[0 0 5 5]^J;1«. g 3«a 1 Sr^JDHtlv-r^^nW ^i^U -y Kffi^<t LTfe<i:Vi<, 

>X© It^T'^-S*^', ISlBtlCa 3<£^0HtJ'^>X«l [0 0 6 1 ] IEH:ftJg^a*a;^cJi^4^«&]I.'^.Sry'J H 

l^-tttiKttiSO^^ffiM^^ffiO^ch/i^'pItgT^^o Xgrid=mXL (n«^») 

[0 0 5 6] (msHSSJ^^) ±fB^l*3j:a^m2||M Xgrid=mXL + L/2 (n«{^|S) 

J^ffiTH. ±tB (1) ^ (2) (D*#*^fct-tefflT'5 Ygrid= (n-1) x/'3XL/2 

>^Afcv-i'i^D^>x®]i,^kfi«^is«T-S)»^i::3 Ta^ns. 

V^TIttBJtfciO^, S*/1^->®<i;-5/j:ilffiW;^i«IiJ14 20 [0 0 6 2] Z.Z.-X:. ^ U >y H J^^R*^ ^ Wffi^ (r) t 
[0 0 5 7] JiiTv ■^cD:^j£®-«sj(co(.iTiiB^T^o [0 0 6 3] RND () 0 ~ 1 (DalS:$r3^i^t^;:^^-r 
r=RND 0 XR ..... 0~R(Dai?CSr^^ 
0 = RND 0 X2X7I; 0~2 TtCDaSSrSg^ 

Xrnd = r X cos (0) xffi^(D^>yAfi)c^J' 

Yrnd = rx sin (©) vW^o^vly^ J^^'H 



X = Xgrid+Xrnd 
Y = Ygrid + Yrnd 
cnSr^TCDif'J h* (n, m) {CMLTiNIDjiUfT 

[0 0 6 4] ;i©;&feT'X, YffiScD^>yAfiK5i-*^ 

Xrnd = 2 r XRND () - r 
Yrnd = 2rXRND () - r 

[0 0 6 6] r2 rn d2 +Y m d2 S: 

[0 0 6 7] z:cDJ;-5lcaS<&ffll.>T^{4eg5i-Sg^^-r 
3!i -5 * X ; U ab i; J« L T *3 # - a CD # ^ * 



[0 0 6 5] H-x^^mH-(:^-tmwm^h-t^\z\t 

X, YJffigl©'^>5^AJ5g^i-SrBSiKTOi:5»Ci/'J >y h* 

y.m.U(ri=yy^K^% 

•••••• yJS^«^>iS^A)5K5i- 

a6 ^ Ti^Uffl ± S o < fp^Sfi %) ® Tab -5 . 
[0 0 6 8] ^fe. i^U >y Ktl''C,>#jff{r#<#ftt-'5J; 

I^tC cfc 0 v-f i7 D U >XT W-f LJ£SS{«i: LT©^i 
50 S^&§ttf»tiW3icffitS[©^lft«ic#1tttS:^L, f§L$t^c« 
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,-5. 

[0 0 6 9] 4 ^JSJ^^) ^8 13 ±15^1*^5. 
■5. 

[0 0 7 0] ai^u>xi i^a 

[0 0 7 1 ] m!^mi 3 ±izmmvrc^w-»mit. v-f 

4lrJ;0Ke;^n. iE5i:#a:LT^Igl/'>X*l 5^SL 

[0 0 7 2] -r-i i;uU>XTU^ iz^^mniit. v-f 
i> D U >X7 <7)gE^J^ v-f D W >X©^liglC J: -3 

[0 0 7 3] *^i!ifiJ^fficDd:5tc:, ±12^ 1 e> ^ 3 H 

[0 0 7 4] ti^, ±m^mmmm-c\t. ti^vm(r>^ 

^a]^>X7u-nz-:)t^^Tm.mLrzf}^. *^bjh, &a 

7t^^^tCi£ffl ^ v-f n U >X7 i^-r ©X ^ u - 

[0 0 7 5] 

mi)mMi-iti^Klf}\ ±12 (1) ^ (2) CD^ftS:ri/if 

•r€^:ii:iz^^mmmj^t)^ifoii^uzn},zmmr^ 



20 



30 



JO 

X5^<^c®sai4© n U >X7 U'f SrH^-T -5 
[0ffi©fS*;^itt?g] 

[01] *^§q®^lJIMJgMT-fe?)-7l'i7DU>X7 

i^-r tc^sit-s-T-r i7 □ i/>xi2a0T-*)-5. 

[0 2] ±sS.-^^ i'uU>XTU-i\zioi,-y^-7'i ^au 
>X]M,«i3« ^^^T S fc«?>©Si|S <!: ^ -5 ^ - > 

[S3] ±m-^'i ^aU>X7U^<Dy>iS^Ar£^'Jy 

[0 4] ^PB^B5^cM^^fV'f ^D^>x®»fffi0T* 

[0 5] 7>^A;^t]M.*iBeB5igfflU^cv-T i7DU.>x 
(D»T®0T*^o 

[0 6] ±ffiv-f i7D^>x®f^sa*ffi©sa<£^T0 

[0 7] *5!HjW||2*J6}g^T'*S-7-ri'q^>X7 

[0 81 ±$i^mmmm<o-7-(i/uu>x7u-(^m^ 

ML •7^i;uU>X 

T v-f i7 D >X®]l^tiS 



1 mmvyx 

2 i/'f -yi7U^->5^- 
14 '<>^':^uxi>. 

1 5 mmu>x 
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